Abstract. The atmospheric concentration of C02 has undergone significant and fairly regular changes on a time scale of 100 kyr during the at least last four glacial-interglacial cycles. Here we present a novel coupled physical-biogeochemical mechanism for these variations. Previous studies had to arbitrarily specify the behavior of the physical climate system in order to invoke a biogeochemical mechanism for the glacial C02 changes, be it an arbitrarily specified change in the vertical ocean mixing [Toggweiler, 1999] , or arbitrarily specified sea ice cover changes [Stephens and Keeling, 2000]. Instead, we present here a new, self-consistent, qualitative physical mechanism for both the vertical mixing and sea ice cover changes. In this mechanism, the cooling of North Atlantic Deep Water due to northern hemisphere glaciation is transported southward by the thermohaline circulation, and cools the deep water upwelling in the Southern Ocean. This, in turn, affects the Southern Ocean stratification, reduces the rate of vertical mixing of the surface water with the deep water and increases the sea ice cover. We also explain the continuous time evolution between glacial and interglacial states rather than treat them as two steady states, and are able to model explicitly for the first time the amplification of the glacial-interglacial variability of the physical climate system by the ocean biogeochemistry.
Introduction
The past years have seen a long series of attempts [Sarmiento and Toggweiler, 1984; Knox and McElroy, 1984; $iegenthaler and Wenk, 1984 ] to explain why the atmospheric concentration of C02 during glacial periods has been about 80 ppm less than during warmer interglacial periods [Petit et al., 1999] . Two recent works seemed finally able to explain the variations in a way that does not contradict the available proxy record [ Toggweiler, 1999;  Stephens and Keeling, 2000]. However, both proposed explanations relied on unexplained and arbitrarily specified behavior of the physical climate system in the Southern Ocean, be it a specified change in the vertical ocean mixing [Toggw½iler, 1999] , or specified sea ice cover changes [Stephens and Keeling, 2000] .
In this work we present a new, self-consistent, qualitative physical mechanism for both the vertical mixing and sea ice cover changes, and therefore are able to present a fuller self consistent picture of the glacial-inter-glacial CO2 changes.
Dealing with the glacial-interglacial transition mechanism and explaining changes in Southern Ocean vertical mixing and sea ice cover clearly requires a physical model of the glacial-interglacial cycle that is more detailed than We have so far ignored the mechanism of the glacial cycle in the Northern Hemisphere. This Northern Hemisphere cycle is responsible for the changes in the temperature of the NADW reaching the Southern Ocean and causing the vertical mixing and sea ice extent changes in our proposed mechanism. The glacial cycle "sea ice switch" mechanism of the physical climate system in our box model is described in details elsewhere [Gildor and Tziperman, 2000b , a]. We emphasize here that our physical mechanism for the changes in the Southern Ocean vertical mixing and sea ice extent is independent of the details of the mechanism of glacial cycles in the Northern Hemisphere. We do assume implicitly in our above discussion that the glaciation (and deglaciation) starts in the Northern Hemisphere (as it does in our physical model Our simple box model is clearly qualitative and leaves room for future improvements. Still, the detailed mechanism proposed here for the changes in the physical climate system that needed to be arbitrarily specified in previous studies of glacial-interglacial CO2 changes, have the potential of closing an important gap in our understanding of glacial dynamics.
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